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REMARKS 

The presBQt remarks and amendments address all the issues raised in the Office Action 
dated Jime 8, 2006, 

A. Qbiection to the Drawings 

In the Office Action, the drawings were objected to because elements Z218 and 218' are 
in the specification but are not shown in the drawings. In response, applicants respectfully 
submit fiiat elements Z218 and 218' are in fact shown in the drawings in their generic form, as 
elements Z2XX and 2XX', respectively. 

As may be und^stood by viewii^ the Sfpecification and drawings in their entirety, it is 
intended that the generic portion "XX?* of the designators "2XX," and the hke, may be 
interpreted to correspond to any appropriate particular instance of a target source, and its 
corresponding particxilar dimension, or coordinate, or the like. For example, the generic 
designators 2XX^ 2XX', and Z^xx in FIGURE 4 may be interpreted to correspond to particular 
elements 218, 218* and coordinate dimension Zzjb, which in turn correspond to the particular 
"218" elements shown in FIGURE 5, e.g,, elements 218', (x,y)2i8', etc. The specification has 
been amended in the paragraph beghming at page 16, line 19, to clari^ this, where the 
clarification underlined below is inserted: 

FIGURE 4 is a detailed schematic view of the first exemplary embodiment 
of a position sensor arrangement 200 shown ia FIGURE 2, viewed along the 
direction of flie minor axes of two elliptical structured hght images according to 
this invention. Various relevant coordinate dimensions are shown. The various 
elements in FIGURE 4 igjpear according to their projections along the viewing 
direction, to the plane of the figure. The approximate positions of various 
elements nomial to the plane of the figure are indicated in FIGURE 5. 
FIGURE 4 and the following description, Ihe designators '^2XX," "SXX." etc- 
include a generic portion "XX" to emphasize tiie generality of the following 
description and equations. It is intended that the generic portion "XX" may be 
interpreted to coirespond to anv appropriate particular instance of a target source, 
and its corresponding particular dimensioru or coordinate, or the like. For 
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example, the generic designators 2XX. 2XK\ and 2^Yy in FIGURE 4 may be 
interpreted to correspond to particular elements 218. 218' and coordinate 
dixnension Zpxit. which in turn coirespond to the particailar "218" e lements shown 
in FIGURE 5. e.g.. elements 218'. fx.v)^ift>. etc. Altemativelv- the generic 
designators 2XX'. and Zrjxx in FIGURE 4 may be interoreted to correspond 
to particular elements 216, 216' and coordinate dimension Z ^i/ ^. \\iiich in turn 
correspond to the oarticulaj '716" elements shown in FIGURE S> e.g., elements 
216', fx.vW- etc. As shown in FIGURE 4. the target member 210 is rotated 
about an axis parallel to the direction of the minor axes of the elliptical structared 
hght images. Reference numbers in common with FIGURE 2 denote 
substantially similar elements. Thus> such elements will be understood firom the 
description of FIGURE 2, and only certain additional coordinate relationships and 
elements not shown in FIGURE 2, are desmbed here. 

It is respectfully submitted that tibis amendment does not add any new matter to the 
specification, but merely clarifies what is described in or evident fiom the specification as filed 
as a whole. See, in the original specification as filed, for example: 



Page 18, Line 17: 

The image detector image 500 includes four elliptical structured light 
images 515, 516, 517 and 518,. arranged to coirespond approximately to the 
structured light target member and position sensor airangemeait 200 shown in 
FIGURE 4, along with various relevant coordinate dimensions. Each stiMctured 
light image 5XX corresponds to the similarly numbered target source v^ces 
2XX'. Assuming that, based on flie pixel data of the image 500, a respective best- 
fit ellipse has been analytically determined for each respective elliptical structured 
light image 5XX, each structured Ugjit image 5XX is completely characterized in 
texms of the image detector coordinate system. For example, the cent^ of each 
ellipse (p,q}sxx.> minor axis dimension B^xx^ the major axis dimension A5XX. 
and the angle 6 between the direction of the major axes and the x-axis of the 
image detector coordinates is also known. Accordingly, the coordinates of all 
points on each ellipse can be determined accordicig to known methods, as needed. 
The image detector coordinates (x,y)2xx' ^^^^i target source vertex 2XX are to 
be deteonined eventually, as outlined further below. 
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Page 20, Iiael7: 

Fuiliieniiore, as may be seen in FIGURE 4, using the known cone angle a, 
the loaowa dimension Z21S and the determined relative rotation angile the 
dimension EI215 between the point P^i and the vertex 215', along the major axis 
of the ellipse 515 in the image 500, can be deteraiined fiom the following general 
expression ^with 2XX = 215): 

^hxx = ^2XX* (Eq. 6) 

Accordingly, applicants req)ectfiilly request entry of the above am^dment to the 
specification and withdrawal of the previous objections to the drawings. 
B. Objection to the Specification 

In the 0£Sce Action, the specification was objected to because elements Zl and Z2 need 
explanation on page 10, and on page 17 elements Z218 and 21 8' are not reflected in the drawings 

Regarding element Zais> based on applicants* foregoing explanation under Objection to 
the Drawings, it will be understood that element Z218 is reflected in the FIGURE 4 by the generic 
indicator Zaxx- This is reinforced by the example at page 20, line 13: 

With reference to FIGURE 4, we can now detennine the relative rotation angle ^ as 
follows. The dimension Az shown in FIGURE 4 is Az = ZxiyZiis > therefore the relative 
rotation angle ^ may be detennined as: 



^ = sin"' 



r ^ ] 


' -1 
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Z2I5-Z218'^ 


C 







(Eq.5) 



Applicants respectfully submit that the amendment to the specification explained under 

Objection to the Drawings addresses the issue related to element Z218. 

Regarding elem^t 281', it is shown in the upper right quadrant of FIGURE 5, 
Regarding Zl and Z2, these are merely "specific" values for Z, defined by equation, and 

used within the context on page 10 for puiposes of illustration and explanation. Page 10 states: 
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For example, for such a configuratiori, y^hen Z^Zi the operable pixels 
fonnijxg the operable structured light image will be a set of pixels forming a circle 
of radius iii=Zi*taD a on the imaging array, ^the separation between ttie focal 
point 115' and the imagmg acray is then increased to 2=^, the operable pixels 
forming the opwable structured light image will be a new set of pixels, forming a 
larger circle of radius J{2~^2*^^- [ST>iphasis added,] 

It is respectftdly submitted that the terms in this self-contained iUnstrative example are 
readily understood based on the entirety of the description of FIGURE 1, and adding 
corresponding elements to FIGURE 1 would only complicate its inteipretation' 

C. Rejection of Qaim 1 undeac 35 U.S.C 112 

la the Office Action, Claim 1 was rejected under 35 U.S.C. 112 for lack of antecedfflt 
basis for "the airay detector". Claim I has been amended to use the teim "imaging array 
detector" consistently throu^out the claim- 

D. Rejection of r!lMTn 1 TiTid^35 U.S,C. 102fe^ 

In the Office Action, Qaim 1 was rejected under 35 U.S.C. 102(e) as being anticipated 
by U.S. Publication No. 2004/0032596 Al to Lange. Applicants respectfully traverse the 
rejection and submit the following. 

Applicants respectfully point out that Claim 1 has not been inteipreted in hght of the 
specification. In particular, in the sense described in the present application and illustrated in the 
figures, Lange does not include a structured light generating target member. Rather, the 
configuration of Lange teaches directing a laser source toward a target optical element that 
reflects first and second reflected beams. 

Firstly, the target optical element (37) of Lange, allegedly corresponding to "the 
structured li^t generating member" reflects light, but does not generate lig^t as recited in 
Claim L In contrast, in the present specification at page 8, line 21, it is stated: 
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III various exemplary embodiments of a position sensor according to this 
invention, light propagates through a plurality of axicon lenses located on a target 
member, and each lens forms a stractured light cone. As will be described in 
greater detail below, each respective structured li^t cone forms a nng'Sh^>ed 
image on a two-dimensioixal imaging array of the position sensor, and the image 
is indicative of the 3-dimensionaI position of the respective axicon lens that 
genero^a? the stmctured light cone. [Emphasis added,] 

Secondly, the target optical element (37) of Lange, allegedly corresponding to "the 
structured light generating member/' reflects li^t, but does not gen^te structured light as 
recited in Claim 1 . Structured light is generally understood in the art to be a projected pattern of 
light having a known stnxctvtre in a known relationship to the structured light source. In contrast, 
in the system of Lange, only a portion of the element 40 is illuminated at any one time, and the 
first and second reflected beams from the operative portion of the element 40 will therefore 
wander around on the detector 42 in depmdence on the position of second object 31 and the 
element 40. The second object 3 1 does not project a pattern of light having a known structure in 
a known relationship to file element 40, and therefore does not constitute a structured light 
generating member, as that term would ordinarily be understood in the art and as that term is 
used in the specification. 

However^ in order to expedite examination, applicants have amended Qaim 1 to add 
additional explanation in the form of structural limitations associated wi& a structured li^ 
gen^ting member, and in particular, as disclosed by applicants in the specification. 

Applicants' amended Claim 1 now recites "...at least three respective target sources that 
output at least three respective structured hght pattens. . Support for this amendment is found, 
for example, at page S, line 7, '*Thus, a set of (x,y,z) coordinates can be determined for any such 
target source, and given the (x,y,z) coordinates of fliree sudti target sources, a 6-degre&K>f- 
freedom relative position can be determined between a target member and a position measunbotg 
device according to this invention", and at page 24, line 19, "As previously indicated, in various 
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exemplary embodiments, at least three structured light images, such as the ellipses S15-S18, faU 
within the field of view of the image detector 230 at all times.'' 

Applicants* Claim 1 has also been ammded to delete the more general limitation "...the 
image on the array detector is usable to determine at least one measurement value that 
corresponds to at least one degree of freedom of the relative position between the imaging 
detector and the target member." This general limitation is replaced with the more specific 
limitations: 

each of the at least three respective target sources gives rise to a 
corre^onding respective image feature in the image on the imaging axray 
detector; and 

a size characteristic of each of the at least three correspondiDg respective 
image features in the image is usable to detennine a z-coordinate value for a 
respective reference point that is fixed relative to the conesponding respective 
target source, the z^coordiQate value conesponding to a translational degree of 
freedom along a z-axis that CTctends aloxig a direction of varying separation 
between the imaging array detector and the target member the output structured 
Ught patterns being in a £bced relationship relative to the target member. 

Support for these specific limitations is provided by FIGURES 4 and 5 and their related 

description) for example. Support for these amendments is also found, for example^ at page 4, 

line 26: 

The size of the ring-shaped structured light image corresponding to a 
target source can thus be used to detemiine an absolute z-axis coordinate for a 
coiresponding target source or other reference featmre reladve to the detection 
plane, or reference plane^ of the imaging array.. ..Thus^ a set of (x,y,z) coordinates 
can be determined for any sudi target source^ and given the (x^y^) coordinates of 
three such target sources, a 6-degreo-of-fireedom relative position can be 
determined between a target m^ber and a position measuring device according 
to this invention. 

Another supporCmg example is at page 24, line 19, "As previously indicated, in various 
exemplary embodiments, at least three structured light images, such as the ellipses 515-518, fall 
witioin the field of view of the image detector 230 at all times." 
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The teachings of Lange fail to include a uiuxiber of the limitations now explicitly recited 
in amended Claim 1. Lange does not include or suggest the use of *'at least three respective 
target sources," as the teim "target source" is ijoietpreted by the Examiner in Lange. In feet, 
accordiag to analysis and measurement methods described by Lange, Lange only uses first and 
second reflected beams, and has no need for more than one target source. FurfhOTnore, Lange 
provides no means for illuminating or imaging more than one target source, since Lange requires 
a laser beam that oiUy partially fills just one element 37. 

Furthencnore, Lange does not include or suggest "the output stmctured light patterns 
bdng in a fixed relationship relative to the target member," as the tenn "structured li^t pattern" 
is intcipreted by the Examine in Lange. As previously noted, only a portion of Lange^s element 
40 is illuminated at any one time, and the first and second reflected beams Scom the operative 
portion of the element 40 will therefore wander around on the detector 42 in dependence on the 
position of second object 31 and the element 40. Therefore, the second object 31 of Lange does 
not project a structured light pattem that is in a fixed relationship relative to a target member. 

Based on the above explanation, applicants respectfully submit that Claim 1 is in 
condition for allowance. The subject matter recited in Claim 1 has only been made more ej^licit 
and/or specific. The scope of Claim 1 has not been enlarged or cbaAged. 

New Claims 2-17 all d&pend £com Claim 1 and therefore are fiirtfa^ believed to be 
allowable for at least the same reasons why Claim 1 is allowable, as discussed above. Further, 
Claims 2-17, as amended, include additional limitations that provide fiirther distinctions with 
respect to Lange. 

Regarding Claim 2 and Claim 3 (which dq)ends fiom Claim 2), as previously noted, 
Lange provides no means for illuminating or imaging more than one target source, and thexefiare 
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caimot provide ox tise "the locations of a plurality of the coiresponding respective image features 
in the image, as recited in Claim 2. 

Regarding Clainis 4 and 5, Lange suggests only "centroid" finding. Because Lange 
provides only one "filled" spot (or blob) in an image, Lange does not recognize or suggest the 
utility of fitting an ellipse to an elliptical pattern, or utilizing its major and minor axes and center 
in the manner recited in Claim 4. Because Lange provides only a "filled" spot in an image, the 
existence or analysis of a radial intensity profile associated ivith an ellipse, as recited in Claim 5, 
is not described or suggested by Lange. Claim 4 is si^orted in FIGURE 12 and its description, 
for sample. Claim S is supported in FIGURE 9 and its description, for example (see radial 
intensity profile elements 930A-930D>. 

Lange does not teach or suggest any of the limitations found in Qaims 6-12. 

Regardix]^ Claim 6, it is supported throughout the specification and, for example, in 
FIGURE 3A, and at page 3, line 15, ''In various exemplary embodiments, the target sources are 
aixanged in a two-dimensional periodic array on the target member/' 

. Regarding Claims 7 and 8, they are supported in FIGURE 20 and the related description, 
and more generally throughout the specification. For example, at page 4, line 16: 

Thus, in accordance xvith a fiirther aspect of the invention, in various 
exemplary embodiments, the structured light image on the imaging detector (also 
referred to as an array detector) comprises a continuous, or segmented, circular or 
elliptical pattern formed where the hypothetical cone intersects with the plane of 
the optical d^ector elements of the imaging array. In various embodiments, the 
segments of the circular or elliptical pattem are essentially spots... In accordance 
with a further aspect of the invention, the continuous or segmwted circular or 
elliptical (ring-shaped) image corresponding to a target source has a size that 
varies with the separation along a direction parallel to an axis of separation 
between the imaging array and the target member. 
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Regarding Claim 9, it is supported by EQUATION 1, and at page 16, line 12: 

Thus, the dimecision of the minor axis of an elliptical structured light 
image closely corresponds to the dimensions d2i5 and d2ig shown in FIGURE 2 
(within approximately 1% when the rotation about the minor axis is 25 degrees), 
and the Z coordinate of a respective target source vertex corresponding to a 
respective elliptical structured Ugjit image can be accurately estimated by 
EQUATION 1, when the value used for d is the dimension of the minor axis of 
the ellipse. 

Regarding Claim 10, it is suj^ported throughout the specification and, for example, in 
FIGURES 4, 13, 14, 18, and 19, and related description, as well as at page 4, line 5, "In 
accordance with another aspect of fhe invention, a target source receives coUimated light from a 
light source and outputs the structured light pattern." 

Regarding Claim 11, it is supported throughout the specijacation and for example, in 
FIGURES 1, 2, 4, 13, 14, 16, and 17, and related description, for example, at page 43, line 9, 
"The target source configuration 1600 includes a ring-shaped target source 1615 that produces a 
structured light pattem 1642, that may be described as a pair of structured light cones, one 
inverted and one not, with a conmion vertex at fhe plane 1622", and at page 4, line 16, ''Thus, in 
accordance with a further aspect of the invention, in various exemplary anbodimeuts, flie 
structured light image on the imaging detector (also refenred to as an array detector) comprises a 
continuous, or segmented, circular or elliptical pattem fbnned where the hypothetical cone 
intersects with the plane of the optical detector elements of the imaging array," 

Regarding Claim 12, it is supported throughout the specification and, for example, in 
FIGURES 13, i4, 16, 17, and 20, and related description, for example, at page 43, line 9, "The 
target source configuration 1600 includes a ring-sh^ed target soxn-ce 1615 that produces a 
structured light pattem 1642", and at page 3, line 26, "In various exemplary embodiments, a 
target source comprises a refractive axicon point-like lens (an axicon point), a refractive axicon 
ring, a refractive faceted pyramidal-type point-like lens, a refractive polyhedral-like airangemeot 
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of prismatic 'lines/ m aixangement of one or more refractive prismatic 'lines/ or any combination 
thereof. In various other exemplary embodiments* respective difeactive optical elements, that 
deflects light rays approximately like the corresponding respective refractive optical elements 
listed above, may be used instead of refractive optical elements." 

Method Claims 13-17 correspond closely to Clainas 1-4 mi are therefore allowable for 
similar reasons. 

Based on the foregoing, applicants respectfolly request allowance of the preset 
application includiog Claims 1-17. If the Examiner should have further issues to resolve, he is 
invited to telephone ^licants' undersigned attorney at the number set fi)rtti below. 



Respectfiilly submitted, 
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I hereby certify that ibis con-espondmce is being deposited with ihs U.S. Postal Service in a sealed 
envelope as first class mail witii postage tbcrcon fully prepaid and addressed to Mail Stop Amendment. 
Conmssioner for Patents, P.O. Box 1450. Alexandria, VA 22313-1450, on the bdow date, 

SILtvas 
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